Background: Cholinesterase inhibitors are used to treat the symptoms of dementia and can theoretically cause bradycardia. Previous studies suggest that patients taking these medications have an increased risk of undergoing pacemaker insertion. Since these drugs have a marginal impact on patient outcomes, it might be preferable to change drug treatment rather than implant a pacemaker. This population-based study determined the association of people with dementia exposed to cholinesterase inhibitor medication and pacemaker insertion.
Background
The population in most countries is aging. The proportion of people aged 65-years and older constituted 15% of the Canadian population in 2011, higher than at any other time in our history [1] . Cognitive impairment affects a significant portion of older adults with an incidence of more than 25% in those 90-years old [2] . Cholinesterase inhibitors (donepezil, rivastigmine and galantamine) have become accepted as one of the few therapeutic interventions available that can improve the quality of life for those patients with this condition [3] [4] [5] . Given this, and the aging population, the prevalence of these medications in medical care will increase.
Cholinesterase inhibitor medications can cause a cholinergic excess that can result in non-specific symptoms including gastrointestinal upset, diarrhea, and muscle cramps. These effects can theoretically also cause bradycardia by increasing vagal tone. The incidence of cardiac conduction abnormalities in the donepezil drug monograph is 1-2%. Several case reports [6] [7] [8] [9] have suggested a link between cholinesterase inhibitor use and bradycardia.
Five studies using health administrative data have measured the association of cholinesterase inhibitors and conduction abnormalities. Park-Wyllie et. al. used a case-control design to study 161 patients (0.59% of the study population) who were exposed to cholinesterase inhibitors and had an emergency room visit or hospitalization coded with bradycardia [10] . Compared to a control group, they found that the odds of having bradycardia were 2.1 times higher with cholinesterase inhibitor exposure [10] . Using a cohort design, Hernandez et. al. found that the risk of diagnosing bradycardia (either in-or out-patient) was 40% higher in demented patients exposed to cholinesterase inhibitors [11] . However, Kroger et. al. found no significant association between hospitalization rates for either syncope or atrioventricular block and either rivastigmine or galantamine exposure [12] . Gill's study of 81,302 patients coded with dementia, who had syncopal events, found a similar probability of pacemaker insertion (0.3% each) but significantly higher pacemaker insertion rates in patients exposed to cholinesterase inhibitors (4.7 vs. 3.3 events per 1000-person years, HR 1.49; 95% CI, 1.12-2.00) [13] .
Given the modest clinical impact of cholinesterase inhibitors on patient outcomes [14] , it is important to determine the population-based impact of cholinesterase inhibitors on new or worsening bradycardia resulting in pacemaker insertions. If pacemakers are being inserted for side-effects of these drugs, a careful risk-benefit analysis is necessary for each patient in which the potential risk of discontinuing the cholinesterase inhibitor mediation needs to be compared to the potential risks and benefits of pacemaker implantation and follow-up. To determine how often cholinesterase inhibitors might be triggering pacemaker insertion, we conducted this population-based study to determine the association of exposure to cholinesterase inhibitor medication and pacemaker insertion.
Methods

Data sources for the study
The population of Ontario in 2011 was 13.3 M people, of which 14.6% or 1.9 M were 65-years and older. This study used population-based health administrative databases in Ontario, Canada in which the costs for all hospital and physician services are covered by a universal health care system. Databases used in this study included: Ontario Drug Benefits Database (ODBD), which captures all prescriptions of drugs for seniors that are covered by the provincial drug plan; Discharge Abstract Database (DAD), which captures all hospitalizations and day surgeries; National Ambulatory Care Reporting System (NACRS), which captures all emergency room visits; Ontario Health Insurance Plan (OHIP) which captures all claims for physician services; and Registered Persons Database (RPDB), which captures each person's date of death. All databases were linked deterministically via encrypted health care numbers. The study was approved by The Ottawa Hospital Research Ethics Board. No identifying information was used or extracted during the linkage processes so individual informed consent was not required.
Study cohort
This study included all people in the province of Ontario, Canada who were older than 65-years between January 1, 1993 and June 30, 2012, were living in the community, and; i) had at least one claim in DAD, NACRS, or OHIP with a diagnostic code for dementia (see Table 1 ); or ii) were dispensed at least one of the study drugs during this time period. Codes found in health administrative databases have been shown to have high specificities for diagnostic conditions [15] ; and the codes we used to identify dementia patients were the same as those used in previous studies [13, 16] . Exposure to any of the study drugs was determined using the ODBD with medications included in this study limited to those listed in ODBD. The primary study drugs included the cholinesterase inhibitors donezepil, galantamine, and rivastigmine. Donepezil was approved for use in Ontario in 1996-97 and prescribers had to record a 'limited use' code in order for the cost of the medication to be subsidized by the Ontario Drug Benefit program. We also included several comparison drugs (defined as those that we would not expect to directly influence pacemaker insertion risk) to which the association of cholinesterase inhibitor use and pacemaker insertion could be compared. The comparison medications would also represent a crude proxy of common co-morbidities in older adults such as hypertension, diabetes, depression and hypothyroidism. These comparison drugs are expected to have no direct cardiac conduction effect on the risk on pacemaker insertions. The comparison drugs (see Table 2 for details) included: angiotensin converting enzyme-inhibitors (ACE-inhibitors); angiotensin receptor blockers; insulin or oral anti-glycemics; histamine-2 (H2) receptor blockers; proton pump inhibitors; selective serotonin reuptake inhibitors; statins; thiazide diuretics; and thyroxine. Finally, we included several controlling drugs which included any medication that might interfere with the cardiac conduction system. These included Vaughan Williams [17] antiarrhythmic drug classes listed in Table 3 .
Exposure to each drug started on the date of its first dispensation. In the default analysis, we included all prescriptions (i.e. both incident and prevalent). We used the prescription dosage and the drug's usual administration frequency to calculate the expected duration of the medication. Drug use was considered to be continuous if the next prescription for the drug (or any other member of that drug class) occurred within 120 days following (i.e. at the end of ) the previous prescription. If no subsequent prescription occurred, we assigned the end of exposure as 60 days following the prescription start date.
Outcome
The study's primary outcome was pacemaker insertion. This was determined by linking to DAD to identify any subsequent encounter in which a pacemaker insertion was coded ( starting with 1HD53, 1HZ37, 1HZ53, or 1HB53). We included any surgical type (i.e. we did not restrict outcomes to those classified as primary). Patients were excluded from the analysis if a pacemaker had been inserted prior to the start of their observation. Figure 1 shows a schematic of the selection of the study cohorts.
Analysis
We used two analytical methods to determine the independent association of cholinesterase inhibitors with pacemaker insertion. The first analysis was a nested case-control analysis in which we found four control patients from our cohort for each pacemaker insertion. The greedy matching algorithm [18] was used to match controls by age (within 5 years) and sex. We then conducted univariate and multivariate conditional logistic regression to determine the unadjusted and adjusted association of cholinesterase inhibitor use and pacemaker insertion, respectively [19] .
In the second analysis, we used proportional-hazards modeling to determine the association of exposure to cholinesterase inhibitors with time to the insertion of pacemakers independent of patient age or sex and exposure to any of the other medications. In this analysis, observation started with the earliest date of a code for dementia or the prescription of any study drug. Observation ended with the earliest of: pacemaker insertion; patient death (as determined by linking to RPDB); or study end (30 June 2012). The diagnosis of dementia and all medication exposures were expressed as timedependent covariates in the proportional hazards model. The model describes a continuous exposure to cholinesterase inhibitors at the time of pacemaker insertion.
Results
Between 1 January 1993 and 30 June 2012, there were 2,446,105 Ontarians older than 65 years of age that had a code for dementia or were prescribed one or more study drugs. 29,744 people (1.2%) had a pacemaker inserted prior to entering the cohort and were excluded, leaving 2,353,909 people in the study. These people had a mean age of 72 years and 56.0% were women (Table 4) . A quarter of the study cohort had a code for dementia (N = 607,540; 25.8%). Of these people, 184,945 (30.4%) were treated with cholinesterase inhibitors. Additionally, 93.9% of people treated with cholinesterase inhibitors had a code for dementia. More than half of the cohort was exposed (at one time during the observation period) to ace-inhibitor/angiotensin receptor blockers (52.7%) and proton-pump inhibitors/H2-receptor blockers (55.8%). Study patients were observed for a total of 15.5 million patient-years (median 5.5 years, IQR 1.8-10.44 years). Most of this time was spent without exposure to any of the study drugs. For example, the median proportion of observation time that each patient spent exposed to any particular study drug was 0 except for aceinhibitors/angiotensin receptor blockers (with a median proportion of time exposed of 0.01) and proton-pump inhibitors/H2-receptor antagonists (with a median proportion of time exposed of 0.01). The 75 th percentile for the proportion of time exposed to study drugs was 0 for all drugs except ACE-inhibitors/angiotensin receptor blockers (0.22), proton-pump inhibitors/H2-receptor antagonists (0.09), statins (0.08), thiazides (0.02), and beta-blockers (0.04).
96,000 people (4.1%) underwent pacemaker insertion during the study. Compared to those without insertion, pacemaker patients were notably more likely to be male ( Table 4 ) and were much more likely to be exposed (at any time during their observation period) to ACE-inhibitors or angiotensin receptor blockers, statins, beta-blockers, amiodarone, calcium channel blockers, and digoxin.
Case-control analysis
All people having a pacemaker inserted during the study were successfully matched to a total of 382,112 controls. Matching was highly successful with an identical proportion of patients being male (56.7%) and an identical mean age at the end of observation (78.2 years, SD 6.7) in both cases and controls. Cases (i.e. those undergoing pacemaker insertion) were notably less likely to be coded with dementia (10.9% vs. 22 (Table 5) .
Cohort analysis
This analysis included the entire cohort (N = 2,353,909). 1.7% patients coded with dementia and 0.8% of patients taking cholinesterase inhibitors had a pacemaker inserted after the code was assigned and while exposed to the drug, respectively (Table 6 ). Pacemakers were inserted in smaller proportions of people taking proton pump inhibitors/ H2-receptor antagonists (0.6%), selective serotonin reuptake inhibitors (0.5%), and thiazide diuretics (0.6%). Pacemaker insertion was notably higher in those taking Class Ic (3.8%) and Class III (4.1%) antiarrhythmic medications.
The unadjusted proportional hazards model found that both patients coded with dementia and those with cholinesterase inhibitor exposure had a significantly Table 5 Case-control analysis determining the association of pacemaker status with medication exposure 
This is a case-control analysis in which cases and controls were matched based on age and sex. The adjusted odds ratio adjusts for all covariates in the table. The incident user analysis excluded exposures in patients who were already taking the medication at study entry. (Table 6 ). Overall, results in the cohort analysis were similar to those from the case-control analysis with a code for dementia or cholinesterase inhibitor exposure independently associated with a decreased risk of pacemaker insertion; with the risk in patients with both a code for dementia and cholinesterase exposure being very low (adjusted HR 0.63). We saw significantly increased pacemaker risks seen with each anti-arrhythmic medication (notably so with class Ic and III medications). Adjustment for patient age, sex, and other medications did not notably change results, as did restricting the analysis to incident users (Table 6 ).
Discussion
Our population-based study found that the use of cholinesterase inhibitors did not increase the likelihood of pacemaker insertion. While patients taking cholinesterase inhibitors do sometimes undergo pacemaker insertion, our study found that this occurs in only 0.8% of such patients and these medications are associated with a decreased likelihood of this intervention. Although anecdotal symptomatic bradycardia complicating cholinesterase inhibitor therapy could trigger pacemaker implantation rather than drug suspension, our study suggests that a theoretical cholinesterase inhibitorpacemaker cascade is unlikely. We believe that the observed overall protective nature of cholinesterase inhibitor exposure for pacemaker insertion may be the result of a complex interaction between: theoretical direct drug effects on the cardiac conduction system; an indirect effect via a central nervous system pathway; effects of a degenerative dementing illness on cardiac rhythm; presence and effects of co-morbidities not identified; altered symptom reporting or healthseeking behaviour of people with dementia; and person, family or health provider attitudes towards an invasive intervention such as a cardiac pacemaker insertion. Data for many of these factors are beyond the scope of this study.
Another possibility to explain the lack of association between cholinesterase inhibitor use and pacemaker insertion is that in the years following the approval of This analysis was conducted with unadjusted and adjusted proportional hazards regression models in which drug exposures were expressed using time-dependent covariates. The incident user analysis excluded exposures in patients who were already taking the medication at study entry.
these drugs in the Canadian drug formulary, anecdotal cases have led to an increased awareness of the possible development of bradycardia and resulted in a more cautious approach to drug prescribing and symptom management.
Our results compare interestingly with previous studies. Gill found a slightly higher risk of pacemaker insertion (HR 1.49; 95% CI, 1.12-2.00) in demented patients treated with cholinesterase inhibitors [13] who also suffered a documented syncopal event. If the presence of dementia decreases the likelihood of pacemaker insertion, then cholinesterase inhibitor exposure in a study including patients both with and without dementia could be associated with a decreased risk of pacemaker insertion. Our study extends the observation to ALL demented patients who are exposed to cholinesterase inhibitor drugs. Similar to previous studies, [20, 21] we found that patients taking amiodarone and/or digoxin were significantly more likely to undergo pacemaker insertion. This likely reflects the combination of complex pharmacodynamics and the prevalence of 'tachy-brady' syndrome (i.e. atrial fibrillation with co-existent conducting system disease) in this population [22, 23] .
Our study has several attributes that should be considered when interpreting its results. First, ours is a population-based analysis that captured all people exposed to these medications in the Canadian province with the largest population (13.3 M in 2011 [1] ). This lets us avoid errors associated with biased sampling. Second, the data has face validity in that 30% of people with dementia were being treated with a cholinesterase inhibitor and almost all people (93.9%) prescribed a cholinesterase inhibitor had a code for dementia. Third, we used two analytical methodologies -case-control and prospective cohort -to examine the association of cholinesterase inhibitor exposure and pacemaker insertion. The fact that both analyses provided the same result supports our conclusion. Fourth, we cannot be certain how generalizable our results are to other jurisdictions. Although our analysis includes a very large sample over a long time-period, it is possible that subtleties native to other health jurisdictions would change the association between cholinesterase inhibitors and pacemaker insertion. Fifth, we only included a patient's first period of exposure to a particular drug class. Patients who stopped a medication for more than approximately 6-months following dispensation would not have had the subsequent exposure to these medications captured by the study. Finally, dementia status and pacemaker insertion were determined by codes. While these codes have been shown in Medicare claims to have a sensitivity and specificity of 0.85 and 0.89, respectively [16] , the accuracy of dementia codes and those for pacemaker insertion has not been confidently established in Ontario administrative datasets. However, errors in the assignment of these codes would -assuming that such errors are independent of cholinesterase status -bias the study's association to the null. When studying conditions in older people, especially those who have multiple comorbidities, and are taking multiple medications and may be classified as frail, caution has to be taken in assigning associations. More research is needed to clarify the clinical significance of the brady-arrhythmic effects of cholinesterase inhibitor drugs used to treat dementia.
Conclusions
In conclusion, our population-based analysis found that patients taking cholinesterase inhibitors have a significantly lower risk of pacemaker insertion. These results indicate that scenarios whereby pacemakers are inserted to treat side-effects of cholinesterase inhibitors do not appear to play a meaningful role in pacemaker utilization in our population. 
